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There are ongoing collaborative efforts between salt repository research scientists from US and Germany. These collaborative efforts focus on fundamental topics such as thermomechanical behavior of salt, plugging and sealing, the safety case, and performance assessment, and are aimed at advancing the basis for disposal of heat-generating nuclear waste in salt formations. In FY2015 these collaborations included: one-on-one interactions; approximately quarterly videoconferences; the 5 th US/German Salt Workshop (Hansen et al. 2015) , held September 8-10, 2014 in Santa Fe, New Mexico; and the 4 th Nuclear Energy Agency (NEA) Salt Club Meeting, held February 25, 2015 in Paris, France. In addition, the topic of operational safety was introduced as a new collaborative topic in FY15. Details of the collaborations in several areas are summarized below, based on descriptions provided in Hansen et al. (2015) :
Design and Operational Safety
The serious operational events at WIPP in 2014 provided sharp focus and tangible reality to the topic of operational safety. Workshop participants gained deeper appreciation for the seriousness of operational safety and the complexity involved with recovery from off-normal events. Design of a salt repository for high-level waste and spent nuclear fuel takes into account retrievability and safety requirements. Examples provided at the 5 th US/German Workshop included:
SAND2015-7145R
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy?s National Nuclear Security Administration under contract DE-AC04-94AL85000.
 In 2010, the Bundesministerium für Umwelt (German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety) [BMU 2010 ] issued the new Safety Requirements Governing the Final Disposal of Heat-Generating Radioactive Waste. The safety requirements focus on retrievability and make it a strict licensing requirement. According to the safety requirements, retrievability is considered as the planned technical option.  A very recent and important development is the increasing relevance of probabilistic approaches in the regulation of geologic repositories. The shift from deterministic to probabilistic approaches is clearly exemplified in the US DOE nuclear facility safety analysis (WIPP Documented Safety Analysis) and the Yucca Mountain License Application. For the Yucca Mountain Project probabilistic requirements have even been formalized in the U.S. safety regulation (10 CFR Part 63). It can be seen that operational safety analysis is changing, at the same time that safety experience is accumulating at existing facilities. Especially for new systems and technologies, probabilistic approaches provide important supplements for safety demonstration. Nevertheless, since probabilistic approaches for large-scale systems are yet under development it is of vital importance to facilitate an international exchange in order to avoid diverging methodologies, respectively to build up confidence in probabilistic approaches.  Keynote speaker, Dr. Steve Rottler, highlighted examples spanning a variety of research, design, development, prototype, qualification and production activities, where the breadth of work encompasses micro-to macro-scale efforts with varying levels of complexity. For the 2718 labs located within Sandia National Laboratories, multiple hazards in combination typically have to be considered. To ensure safety in this highly complex environment the approach of Engineered Safety had been developed and introduced at SNL. How the approach is implemented in reality was explained by Dr. Rottler by means of the examples of a bioremediation project, a polymer R&D laboratory, and the Z-Machine accelerator containment system. A very important basis for gaining safety is implementing a Critical Thinking Mindset which means to encourage critical thinking in daily life.
Geomechanical Issues
Ongoing collaborations between US and German salt researchers include testing on all scales, advanced thermal-mechanical modeling and benchmarking, and seal system performance, to name a few. Decades of R&D have rendered a mature understanding of salt formation behavior as well as interactions between the salt and engineered and geotechnical barriers. Specific collaborations in FY15 included:  Investigations of the mechanical response and evolution of the salt underground initiated by excavation, including ongoing geomechanics matters pertaining to room closure.  Code benchmarking of salt constitutive modeling and implementation using large, modern computational capacity.  Continued collaboration in laboratory and field testing and geomechanical modeling as part of Joint Project III [Hampel et al. 2012; 2013] . This work has ensured validated and verified computational capabilities for both bedded and domal salt are being developed and parameterized.  Lessons learned from the Gorleben site (Vorläufige Sicherheitsanalyse Gorleben or VSG)  Plugging and sealing studies  Preparation of an invited, external publication on salt geomechanics [Hansen and Popp 2015] .
Underground Research Laboratory (URL)
In collaboration, US and German researchers have reviewed and evaluated thermally driven processes in salt disposal and identified key technical areas in which to prioritize resources. The goal for disposal research in salt is to provide sufficient technical information to license a repository successfully. The necessity or utility of a salt underground laboratory is to be evaluated in the context of an overall research agenda that supports a license application. In both advanced programs and also in the less advanced ones URLs are considered to be indispensable especially to perform experiments and demonstration activities under repository like conditions. Specific activities in FY15 included:  The need for a salt URL (including bedded and/or domal salt)  Identification of a generic research strategy and proposed testing activities for a salt URL.  Discussion of the use of a URL or other mined salt formation for experimental activities that could capture the early evolution of a salt excavation (e.g., examine the initial, undisturbed conditions, the evolutionary changes imparted by excavation, and the boundary conditions extant when field activities are undertaken).
Safety Case for Heat-Generating Waste Disposal in Salt
Specific collaborations in FY15 included:  Subject matter experts from the US and Germany are in the process of compiling a comprehensive Features, Events, and Processes (FEPs) catalogue for disposal of heat-generating waste in salt (Freeze et al. 2014; Sevougian et al. 2015) .  SNL has developed a generic safety case for disposal of heat-generating waste in bedded salt.
Collaborators discussed elements of the safety case including handling uncertainties and the qualitative contribution of analogues. This progress along with Germany's preliminary safety analysis for the Gorleben site (Vorläufige Sicherheitsanalyse Gorleben or VSG) provide a strong technical basis for a safety case for salt disposal of heat-generating nuclear waste.  SNL has developed a salt knowledge archive.  Far-field hydrogeologic modeling, with applicable porous and fractured media flow.  Exploring public outreach initiatives implemented successfully in other countries to help frame a societal strategy.
The overriding premise for these US/German collaborations is to advance the scientific bases for salt repositories. Each of the subgroups within the FCAWG met together, then separately. The three subgroups are shown below with summaries of bi-lateral collaborations.
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